In our review of the English literature on cervical instability in patients with Larsen syndrome, multiple treatment options were described both before and after the onset of neurological symptoms. Practitioners have yet to agree on standard practices regarding surveillance, timing of correction, pre-or postoperative bracing, or surgical approach. The lack of standardization is related in part to the relative rarity of the syndrome and in part to the different degrees of syndrome severity at the time of initial clinical evaluation. To the best of our knowledge, this case is the first report of a patient with Larsen syndrome in whom asymptomatic cervical instability was treated with synchronous anterior decompression and fixation, posterior fusion and fixation, and halo placement.
Case Report
History and Examination. This 30-month-old boy with Larsen syndrome had been followed conservatively at our institution since the age of 6 months. His medical history was significant for subglottic stenosis. He was developmentally normal, sat up at 10 months, and walked at 17 months. He had undergone capsulotomy for bilateral skew foot deformities. During routine follow-up monitoring, dynamic radiography showed worsening cervical kyphosis and instability of the congenital cervical kyphosis (Fig. 1) . At this time, he was placed in a rigid cervical collar. Cervical magnetic resonance imaging revealed thecal sac compression with an intramedullary T2-weighted signal change at C-3 ( Fig. 2A) . A CT scan was obtained to better evaluate the severe kyphotic deformity for surgical planning (Fig. 2B-D) . The patient was neurologically intact on physical examination. In discussions with the child's family about the options for treatment, surgery was recommended because of the spinal cord compression, instability, and risk of future catastrophic neurological decline.
Operation. During the surgery, nasal intubation was accomplished using a flexible endoscope under direct vision to prevent any cervical extension and to facilitate passage of the endotracheal tube past the stenotic portion of the boy's trachea. Baseline spinal cord monitoring parameters were determined before starting the procedure and were evaluated continuously to the end of the operation. These parameters included brainstem, cervical, and cortical somatosensory evoked potentials; transcranial motor evoked potentials; and spontaneous electromyographic activity. Both C-3 and C-4 corpectomies were performed anteriorly, and the thecal sac was decompressed. Following fibular strut harvest, a C2-5 construct was created with the strut notched at its ends to provide a better fit (Fig. 3 ). An absorbable plate (1.0 ϫ 51.2 ϫ 51.2 mm, Resorb-X plate, KLS Martin) was cut to fit along the anterior cervical autograft from C-2 to C-5 and secured with absorbable screw fixation (2.4 ϫ 7.0 mm, Resorb-X absorbable screws, KLS Martin) with the intent to create a temporary buttress while awaiting fusion. Posteriorly, the boy's C-1 anatomy seemed favorable to placement of bilateral isthmus screws, and thus it was possible to avoid fusion to the occiput. Therefore, C-1 screws were placed bilaterally, followed by sublaminar wires to C-5 with bilateral rod fixation. Cross-links were then placed to further strengthen the posterior construct. Fusion was completed with allograft material. After closure of the posterior wound, the child was positioned supine and a halo brace was placed. All spinal cord monitoring parameters remained stable throughout the operation and without changes.
Postoperative Course. The child was transferred to the pediatric intensive care unit for observation. Subsequently, the nasal tube was removed. Postoperatively he demonstrated symptoms of Horner syndrome and transient weakness in his extremities. He was transferred to the rehabilitation unit, from which he was later discharged neurologically intact. the halo vest was replaced by a Minerva brace for 4 weeks and then discontinued. At the 12-month follow-up, the patient continued to fare well with continued improved cervical alignment and no neurological deficits (Fig. 3A) .
Discussion
Patients with Larsen syndrome represent significant surgical challenges for the spine surgeon. The cervical spine, specifically, appears to be more severely affected than the thoracic or lumbar segments and thus deserves careful attention and follow-up in this patient population. 1, 2, 5, 11, 12 Age, individual presentation, and severity of disease help determine clinical decision making. Before 1996, the only patient with Larsen syndrome who had undergone surgical fixation before neurological deterioration was a 19-year-old with C1-2 subluxation. He did not have the severe kyphosis of the lower cervical spine that is more often described in patients who have undergone surgical correction.
2 Since then, Johnston et al. 5 have described progressive kyphosis on serial imaging in a series of 4 patients who had undergone posterior cervical fusion before the onset of neurological deterioration. In one patient who suffered a postsurgical fall that rendered him quadriparetic, a pseudarthrosis was also evident; this patient subsequently underwent 2 additional procedures for decompression and stabilization. Several other authors have highlighted falls or trauma as inciting events of neurological deterioration in patients with Larsen syndrome (Table 1) .
After a discussion with our patient's parents, the child underwent a combined anteroposterior decompression and fusion with external fixation. Treatment goals were to improve the probability of a successful fusion, reduce the need for future surgery, and provide enhanced cervical stability should the boy subsequently experience a traumatic fall. To our knowledge, all other reported cases of initial anterior and posterior surgical treatment of cervical spine instability occurred after patients became symptomatic. Symptoms have ranged from weakness in a single or multiple extremities, to numbness, to myelopathy.
We believe that the natural history of the disease underscores the importance of early correction. Forese and colleagues 3 have advocated nonsurgical treatment consisting of continuous cervical traction and total spinal column bracing in patients with severe deficits since birth. Although these authors noted improvement in ventilatory and motor functions, they hypothesized that surgical intervention might be needed later. Of the 10 cases reviewed for the present report, 3 symptomatic patients deteriorated or had no improvement postoperatively, 1 patient improved before correction, and 6 patients improved after surgery. Of these latter 6 patients, only 1 was reported to be neurologically normal. Based on the literature review and our patient's experience, we make the following recommendations. Patients in whom Larsen syndrome is diagnosed should be monitored with both static and dynamic serial radiography. Conservative management before the appearance of clinical symptoms should be avoided given the inability to predict postoperative improvement. Although improvement in neurological deficits has been seen with close monitoring, surgical correction should not be delayed given the long-term risk of neurological deterioration, especially in younger children, who are at risk for frequent falls. Surgical correction that successfully addresses both the anterior and posterior elements may obviate future procedures.
Debate continues about the timing of bracing before surgical treatment in patients with progressive kyphosis. 1, 5 Our patient was placed in a hard cervical collar while awaiting surgical decompression and fusion. Based on data in the literature and the traumatic risk that falls represent in these children, we advocate bracing for those with cervical instability documented on flexion and extension x-ray films until surgical correction can be performed. As postoperative bracing is important to encourage a solid fusion, we believe that halo immobilization in the patient in the present case was the best way to achieve this goal.
Conclusions
In children who suffer from Larsen syndrome with cervical instability, we recommend synchronous anterior and posterior procedures that are tailored to the deformity as well as the use of halo fixation postoperatively until fusion is documented radiographically. This approach should prevent children from sustaining a significant neurological deficit after a minor trauma, such as a fall. 
